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(54) Code division multiple access communication method using dynamic code assignment, and 
a base station performing the method 



(57) It is desired to carry out CDMA communication 
using an optimum spread code for minimizing inter- 
channel interference according to communication con- 
ditions. For this purpose, under condition that a commu- 
nication area covered by a base station is variable, 
notification of spread code reassignment is issued while 
communication is being made between the base station 
and a mobile terminal. Thereafter, a currently assigned 



spread code is changed so as to reduce interference 
between a channel used for communication in progress 
and another channel. In spread code reassignment, an 
adjustment is made to provide the same long code for 
channels which would otherwise incur significant inter- 
ference. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a code division multiple access communication method using dynamic code 
assignment. More particularly, the invention pertains to a code division multiple access communication method using 
dynamic code assignment in which a spectral spread code is dynamically changed to reduce possible interference dur- 
w ing communication between a base station and a mobile terminal in an application such as cellular radio communica- 
tion, and a base station facility for implementing the code division multiple access communication method using 
dynamic code assignment. 

Description of the Related Art 

15 

[0002] In code division multiple access (CDMA) communication, an information signal band is spread out over a 
wider band for transmission using a code independent of information signals. Since the CDMA provides many advan- 
tages such as excellent security of privacy and secrecy of communication, high resistance to interference, adaptability 
to poor transmission path condition, asynchronous multiple accessibility based on code division, etc., it is expected to 
20 be employed extensively as a signaling scheme suitable for mobile communication, e.g., cellular telephone communi- 
cation. 

[0003] As a technique of CDMA communication, there is disclosed a DS-CDMA transmission system in Japanese 
Unexamined Patent Publication No. H1 0-1 45282, for example. 

[0004] In mobile communication which is the principal application field of CDMA communication, it is common prac- 
25 tice to divide a geographical control region into cells for implementing cellular communication. For making features of 
CDMA communication apparent, a multi-sector system which is one of mobile communication cell models will first be 
explained here. 

[0005] Referring to FIG. 7, there is shown a schematic diagram for explaining the multi-sector system in cellular 
radio communication. 

30 [0006] A control area called a cell is a geographical area in which communication is set up between a base station 
and a mobile terminal currently located in the coverage thereof. A multiplicity of cells are arranged in a service area so 
that each mobile terminal can communicate with at least one of base stations in the service area. 
[0007] In FIG. 7, each area enclosed in a circle is a cell 42 which is covered by a base station 40. 
[0008] By using a plurality of antennas each having directivity at the base station 40, the cell 42 is spatially divided 

35 into control sub-areas called sectors 41, one of which is shown as a fan-shaped section (hatched) in FIG. 7. Since a 
directional antenna is used for each of the sectors 41 , it is possible to preclude external interference due to other sec- 
tors and increase the capacity of communication. 

[0009] In the cell-sector scheme mentioned above, each mobile terminal such as a cellular telephone belongs to 
any cell-sector and a call termination service is provided to each mobile terminal upon receipt of a terminating call sig- 

40 nal from a base station which covers the cell-sector scheme. In this situation, the mobile terminal periodically checks a 
common control signal issued by an adjacent base station to always attain base station conditions in the vicinity thereof. 
When a cell-sector changeover becomes necessary due to movement of the mobile terminal, the current position of the 
mobile terminal is re-registered in a relevant base station for carrying out a hand-over procedure (which is a link 
changeover procedure to be performed for switching to another control area). 

45 [0010] Then, the following explains codes to be used for spectral spreading in CDMA communication. 

[001 1] In a CDMA system represented by the IS-95 or W-CDMA, the bitwise product or exclusive-OR result of long 
and short codes in synchronization is used for spread-spectrum coding for downlink transmission from a base station 
to a mobile terminal. 

[0012] The functions of the long and short codes are as follows: 
so [0013] In short code assignment, an orthogonal code having a single-symbol cycle is used for identifying each of 
plural communication channels in a sector and for reducing possible interference between communication channels. 
[001 4] In long code assignment, a long-cycle code having a different phase or a different code sequence per sector 
or cell is used for identifying each sector or cell. 

[0015] Table 1 presents a summary of the functional features of these two kinds of codes. 

55 
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[Table 1] 





Long code 


Short code 


Function 


Identification of cell/sector 


Identification of channel 


Period 


long 


short 


Code number in a period 


many 


few 


Orthogonality 


It does not always have 


It has 


Examples of IS-95, W-CDMA, etc. 


PN code 


Walsh code 



[0016] When correlation operation is performed on different short codes for the same long code, orthogonality is 
15 attained in coding. By way of contrast, when correlation operation is performed on different short codes for different long 
codes, orthogonality is not attained in coding. Orthogonalization in coding signifies that mutual interference does not 
occur in spread-spectrum communications, and non-orthogonalization in coding signifies that mutual interference may 
take place in spread-spectrum communications. 

[001 7] In CDMA communication, an improvement in its capacity can be made by reducing possible interference. As 
20 methods for significantly increasing the capacity of CDMA communication, advanced techniques such as an interfer- 
ence canceller technique and an adaptive array antenna technique have been suggested in publications. The introduc- 
tion of these interference reduction techniques makes it possible to simultaneously connect more mobile terminals than 
ever before. 

[0018] With reference to FIG. 8, a communication system using adaptive array antennas will then be briefly 
25 explained. 

[0019] FIG. 8 is a block diagram of a base station in a communication system wherein adaptive array antennas are 
employed. 

[0020] The base station is provided with a plurality of antennas. A signal received by the plural antennas is down- 
converted through an RF circuit 8 and then fed to a beam former 20, in which a weight value is added so that a signal- 

30 to-interference power ratio of the received signal will be maximized. The beam former 20 acts to provide a spatial filter. 
[0021] More specifically, a main beam is oriented toward a desired user, and a null position of an antenna radiation 
is formed in the direction of a major interference potential. In this manner of operation, the adaptive array antenna can 
vary directivity thereof using electrical circuits without having to change physical positioning thereof. The weight-added 
composite signal is demodulated by a receiver 10 to provide user information. 

35 [0022] In downlink transmission, an antenna beam can also be formed in the same manner. For a signal produced 
by a data generator 6, a beam adapted to the direction of each mobile terminal is formed according to uplink channel 
(propagation path) information. Thus, a signal is transmitted in a limited range of space. In the 1997 Conference Pro- 
ceedings of the Institute of Electronics, Information and Communication Engineers B-5-88, for example, there is 
reported a method for estimating a weight value for downlink transmission according to a correlation matrix attained in 

40 uplink transmission. Through formation of a beam by this method, it is possible to substantially suppress interference 
power in downlink transmission. Therefore, the use of the adaptive array antenna having an advantageous capability of 
interference suppression allows a substantial increase in the number of simultaneous mobile terminal connections, 
making it possible to simultaneously connect more mobile terminals than those permissible at a spectral spread rate in 
a conventional arrangement. 

45 [0023] The technique of adaptive array antennas is found in NTT DoCoMo Technical Journal Vol. 5 - No. 4, p. 25, 
for example. Through the use of adaptive array antennas in cellular radio communication, the number of mobile termi- 
nals to be simultaneously connected with a base station can be increased in a cell covered by the base station. 
[0024] As described above, in CDMA communication, an information signal spectrum is spread using a spread 
code to enable multiple access channel signaling. That is, channels (propagation paths) are separated using different 

so codes for multiple access implementation in CDMA communication. 

[0025] In other words, the above-stated principle of CDMA communication signifies that the number of usable 
codes represents the upper limit of multiplexing. In a system such as the IS-95 or W-CDMA, long and short codes are 
employed and orthogonality of short codes is applied for reduction in inter-channel interference in downlink transmis- 
sion in particular. Although orthogonalization using short codes is very advantageous for reduction in co-channel inter- 

55 ference, there is a problem that the allowable number of orthogonal codes is limited in terms of a short code length. 
Hence, there may occur a condition that the number of orthogonal short codes becomes insufficient. 
[0026] As a conventional technique for circumventing this problem, it has been proposed to provide a method of 
identifying channels by using different- phase long codes for respective mobile terminals. In this method, however, sig- 
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nificant interference may occur between channels having different codes, giving rise to a problem of intra-sector inter- 
ference which would otherwise be non-existent. 

[0027] As mentioned above, if the number of orthogonal short codes becomes insufficient, it is inevitable to use dif- 
ferent long codes. However, since orthogonality is not always attained between different long codes in most cases, 

5 inter-channel interference may increase to cause degradation in communication quality. 

[0028] In the above-cited Japanese Unexamined Patent Publication No. H1 0-145282, though there is disclosed a 
technique of selecting an optimum one of some kinds of spread codes according to a transmission speed, no inventive 
concept is found concerning a method for reducing interference due to insufficiency in the number of spread codes. 
[0029] On the other hand, in a system using the adaptive array antennas described in the foregoing, a plurality of 

w antennas are used to form each beam for providing RF power toward a desired mobile terminal for communication. 
Therefore, although interference does not occur among certain mobile terminals in a cell, some mobile terminals spa- 
tially located near a base station are likely to be affected by interference. The above-mentioned problem of an increase 
in interference due to insufficiency in the number of orthogonal codes may be alleviated in terms of probability based 
on spatial selectivity of the adaptive array antennas. 

15 [0030] Nevertheless, since a radio communication system to which the present invention is directed is a mobile 
communication system, there arises an inherent problem due to time-varying mobility of each terminal. Therefore, even 
if an optimum code is assigned at the time of link setup, the amount of mutual interference may timewise vary or a 
source of interference may be changed with time, resulting in degradation in communication quality after a lapse of time. 
That is, for a mobile terminal, there is a latent problem that an optimum code varies depending on a timewise change 

20 in communication conditions. 

[0031] In a system using sector antennas each having a narrow beam width (having directivity per sector), a mobile 
terminal frequently undergoes a hand-over procedure for sector-to-sector switching, i.e., it is required to carry out the 
hand-over procedure through a network for each sector-to-sector switching. This condition implies that not only a 
mobile terminal being in communication but also a mobile terminal being in a standby state for call reception needs to 

25 perform re-registration, thereby posing a problem that a charge-to-charge service life of a battery contained in each 
mobile terminal is shortened. 

SUMMARY OF THE INVENTION 

30 [0032] It is therefore an object of the present invention to obviate the above-mentioned disadvantages by providing 
a code division multiple access communication method using dynamic code assignment, wherein an optimum spread 
code for minimizing inter-channel interference is used according to conditions of communication between a base station 
and a mobile terminal, and wherein code assignment is dynamically changed for a mobile terminal being in communi- 
cation through detection of a timing point of code change under initiative control of the base station. 

35 [0033] It is another object of the present invention to provide a code division multiple access communication 
method using dynamic code assignment, wherein code assignment is dynamically changed to reduce inter-channel 
interference according to conditions such as space correlation and code correlation due to characteristics of adaptive 
array antennas or sector antennas employed for communication. 

[0034] It is a further object of the present invention to provide a code division multiple access communication 
40 method using dynamic code assignment, wherein a hand-over procedure is carried out under initiative control of a base 
station for reducing power consumption of a mobile terminal so as to prolong a charge-to-charge service life of a battery 
contained therein. 

[0035] It is an additional object of the present invention to provide a mobile communication system comprising a 
base station control unit connected with a base station, wherein code assignment is dynamically changed without mak- 
45 ing reference to a network for reducing a networking load in communication between the base station and the base sta- 
tion control unit. 

[0036] In accomplishing these objects of the present invention and according to one aspect thereof, there is pro- 
vided a code division multiple access communication method using dynamic code assignment in radio communication 
based on code division multiple access between a base station and a mobile terminal, comprising: providing an 

so arrangement wherein, under condition that a communication area covered by the base station is variable, while com- 
munication is being carried out between the base station and the mobile terminal, a transmitting side notifies a receiving 
side that a spread code is to be changed, and after notification of spread code reassignment, the spread code is 
changed so as to reduce interference between a channel used for communication in progress and another channel. 
[0037] More specifically, according to another aspect of the present invention, there is provided a code division mul- 

55 tiple access communication method using dynamic code assignment, wherein, at the time of notification of spread code 
reassignment from the transmitting side to the receiving side, the transmitting side also informs the receiving side of a 
timing point of spread code reassignment. 

[0038] Furthermore, according to another aspect of the present invention, there is provided a code division multiple 
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access communication method using dynamic code assignment, wherein, at the time of spread code reassignment, a 
transmission signal spread using a currently assigned code and a transmission signal spread using a new code to be 
assigned are sent simultaneously, and then when the transmitting side receives an acknowledgment that the receiving 
side has received the transmission signal spread using the new code to be assigned, the transmitting side stops output 
5 of the transmission signal spread using the currently assigned code and sends only the transmission signal spread 
using the new code. 

[0039] Further, according to another aspect of the present invention, there is provided a code division multiple 
access communication method using dynamic code assignment, wherein a spread code is formed of the bitwise prod- 
uct or exclusive-OR result of long and short codes, and wherein the transmitting side changes the spread code when 

10 the number of short codes to be used for spread coding becomes insufficient. 

[0040] Still further, according to another aspect of the present invention, there is provided a code division multiple 
access communication method using dynamic code assignment, wherein, at the transmitting side, a space correlation 
of a plurality of receiving-side channels and a code correlation of a plurality of spread codes used for communication 
are calculated, each time-space correlation is determined according to the product of space and code correlations, 

15 each sum of time-space correlations is calculated with respect to all the inter-channel combinations, a candidate for a 
new spread code to be assigned is determined according to a minimum-sum time-space correlation, and a procedure 
for spread code reassignment is carried out to perform communication based on the new spread code. 
[0041] Still further, according to another aspect of the present invention, there is provided a code division multiple 
access communication method using dynamic code assignment, wherein, at the transmitting side, an interference 

20 power level per call is measured, and when the measured interference power level per call exceeds a predetermined 
threshold, a procedure for spread code reassignment is carried out to change a spread code for a channel correspond- 
ing to each call of interest. 

[0042] Still further from a different viewpoint, according to another aspect of the present invention, there is provided 
a code division multiple access communication method using dynamic code assignment, wherein a base station acts 

25 as a transmitting side and a base station control unit is connected with the base station, and wherein, in execution of a 
procedure for spread code reassignment, a transmission signal is subjected to puncturing at the base station, and infor- 
mation on spread code reassignment is inserted into a free bit space thus produced for transmission to a receiving side. 
[0043] Still further, according to another aspect of the present invention, there is provided a code division multiple 
access communication method using dynamic code assignment, wherein a receiving side has a common control chan- 

30 nel used for identifying a transmitting side and an individual channel dedicated for the receiving side, and wherein the 
transmitting side radiates a beam for the common control channel in a wider space range than for the individual chan- 
nel. 

[0044] In accomplishing the above-mentioned objects of the present invention and according another aspect 
thereof, there is provided a base station for code division multiple access communication using dynamic code assign- 

35 ment in radio communication between the base station and a mobile terminal under condition that a communication 
area covered by the base station is variable, comprising: means for notifying a receiving side that a spread code is to 
be changed while communication is being carried out between the base station and the mobile terminal; and means for 
changing the spread code after notification of spread code reassignment so as to reduce interference between a chan- 
nel used for communication in progress and another channel. 

40 [0045] More specifically, according to another aspect of the present invention, there is provided a base station for 
code division multiple access communication using dynamic code assignment, wherein means for informing the receiv- 
ing side of a timing point of spread code reassignment is included in addition to the means for notifying the receiving 
side that the spread code is to be changed. 

[0046] Furthermore, according to another aspect of the present invention, there is provided a base station for code 
45 division multiple access communication using dynamic code assignment, further comprising: means for simultaneously 
sending a transmission signal spread using a currently assigned code and a transmission signal spread using a new 
code to be assigned at the time of spread code reassignment; and means for, upon receipt of an acknowledgment that 
the receiving side has received the transmission signal spread using the new code to be assigned, stopping output of 
the transmission signal spread using the currently assigned code and for sending only the transmission signal spread 
so using the new code. 

[0047] Still further, according to another aspect of the present invention, there is provided a base station for code 
division multiple access communication using dynamic code assignment, wherein a spread code is formed of the bit- 
wise product or exclusive-OR result of long and short codes, and wherein there is provided means for changing the 
spread code when the number of short codes to be used for spread coding becomes insufficient. 
55 [0048] Still further, according to another aspect of the present invention, there is provided a base station for code 
division multiple access communication using dynamic code assignment, further comprising: means for calculating a 
space correlation of a plurality of receiving-side channels and a code correlation of a plurality of spread codes used for 
communication; means for determining each time-space correlation according to the product of space and code corre- 
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lations; and means for performing summation on time-space correlations with respect to all the inter-channel combina- 
tions; wherein a candidate for a new spread code to be assigned is determined according to a minimum-sum time- 
space correlation, and a procedure for spread code reassignment is carried out to perform communication based on 
the new spread code. 

5 [0049] Still further, according to another aspect of the present invention, there is provided a base station for code 
division multiple access communication using dynamic code assignment, further comprising: means for measuring an 
interference power level per call, wherein, when the measured interference power level per call exceeds a predeter- 
mined threshold, a procedure for spread code reassignment is carried out to change a spread code for a channel cor- 
responding to each call of interest. 

10 [0050] Still further from a different viewpoint, according to another aspect of the present invention, there is provided 
a base station for code division multiple access communication using dynamic code assignment, wherein a base sta- 
tion control unit is connected with the base station, and wherein, in execution of a procedure for spread code reassign- 
ment, a transmission signal received by the base station from the base station control unit is subjected to puncturing at 
the base station, and information on spread code reassignment is inserted into a free bit space thus produced for trans- 

15 mission to a receiving side. 

[0051] Still further, according to another aspect of the present invention, there is provided a base station for code 
division multiple access communication using dynamic code assignment, wherein a receiving side has a common con- 
trol channel used for identifying a transmitting side and an individual channel dedicated for the receiving side, and 
wherein the base station radiates a beam for the common control channel in a wider space range than for the individual 

20 channel. 

[0052] In accomplishing the above-mentioned objects of the present invention and according to another aspect 
thereof, there is provided a base station for code division multiple access communication using dynamic code assign- 
ment, wherein a spread code is formed of the bitwise product or exclusive-OR result of long and short codes, wherein 
there is provided means for detecting a bearing of each mobile terminal according to average received signal intensity, 
25 and wherein the mobile terminal is notified of spread code reassignment using the means for notification of spread code 
reassignment, and then a spread code for communication is changed in a fashion that long codes of a mobile terminal 
group located in the vicinity of the detected bearing are made identical. 

[0053] More specifically, according to another aspect of the present invention, there is provided a code division mul- 
tiple access communication method using dynamic code assignment, wherein the transmitting side is provided with a 

30 plurality of directional antennas capable of radiating radio waves in a limited direction, wherein a region covered by each 
directional antenna is defined as a physical subsector, a plurality of adjacent physical subsectors are grouped into a 
wider region in which the same long code is used for communication with communicating parties therein, and the wider 
region thus formed is defined as a logical subsector, and wherein, at the time of signal reception from each communi- 
cating party, under condition that a timewise average value of received signal intensity in an adjacent logical subsector 

35 becomes higher than that in a logical subsector currently engaged for communication with the communicating party; or 
under condition that, at the transmitting side, a space correlation of a plurality of receiving-side channels and a code 
correlation of a plurality of spread codes used for communication are calculated, each time-space correlation is deter- 
mined according to the product of space and code correlations, and a value of time-space correlation attained using a 
long code for an adjacent logical subsector is found to be smaller than that attained using a long code for a logical sub- 

40 sector currently engaged for communication; a procedure for spread code reassignment is carried out to perform com- 
munication based on the long code for the logical subsector adjacent to the logical subsector currently engaged for 
communication. 

[0054] Still further, according to another aspect of the present invention, there is provided a code division multiple 
access communication method using dynamic code assignment, wherein the transmitting side is provided with a plu- 

45 rality of directional antennas capable of radiating radio waves in a limited direction, wherein a region covered by each 
directional antenna is defined as a physical subsector, a plurality of adjacent physical subsectors are grouped into a 
wider region in which the same long code is used for communication with communicating parties therein, and the wider 
region thus formed is defined as a logical subsector, and wherein, in a situation that the number of short codes 
becomes insufficient due to an increase in communication traffic in a logical subsector A, a procedure for spread code 

so reassignment is carried out to change a spread code in the following fashion: 

(1 ) if there are short codes available for assignment in a logical subsector B adjacent to the logical subsector A, a 
physical subsector P which belongs to the logical subsector A and which is positioned on a boundary between the 
logical subsector A and the logical subsector B is rearranged so that the physical subsector P belongs to the logical 

55 subsector B, whereby a long code of the logical subsector B is used for communication with a communicating party 
in the physical subsector P; 

(2) alternatively, if there are no short codes available for assignment in the logical subsector B adjacent to the log- 
ical subsector A, a new logical subsector C is formed for the physical subsector P which belongs to the logical sub- 
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sector A and which is positioned on the boundary between the logical subsector A and the logical subsector B, 
whereby a long code of the logical subsector C is used for communication with a communicating party in the phys- 
ical subsector P. 

5 [0055] Still further, according to another aspect of the present invention, there is provided a code division multiple 
access communication method using dynamic code assignment, wherein the transmitting side is provided with a plu- 
rality of adaptive array antennas, and wherein, under either of the following conditions (1) and (2) , the inner product of 
array weight values is calculated with respect to each communicating party, and a procedure for spread code reassign- 
ment is carried out to change a spread code so that the same long code is used for communication with a group of 

10 mobile terminals having a high value of inner product: 

(1) at the transmitting side, a space correlation of a plurality of receiving-side channels and a code correlation of a 
plurality of spread codes used for communication are calculated, each time-space correlation is determined 
according to the product of space and code correlations, each sum of time-space correlations is calculated with 

15 respect to all the inter-channel combinations, and a candidate for a new spread code to be assigned is determined 
according to a minimum-sum time-space correlation for spread code reassignment to perform communication 
based on the new spread code; 

(2) at the transmitting side, an interference power level per call is measured, and when the measured interference 
level per call exceeds a predetermined threshold, a spread code for a channel corresponding to each call of interest 

20 is changed for spread code reassignment. 

[0056] Still further, according to another aspect of the present invention, there is provided a code division multiple 
access communication method using dynamic code assignment, wherein a space correlation of a channel used for 
communication with a mobile terminal A and channels used for communication with other mobile terminals is deter- 

25 mined, wherein, with respect to a high-order range "n" in terms of space correlation values arranged in descending 
order (where "n" is a predetermined positive integer) , comparison is made between a long code in spread coding for 
the channel used for communication with the mobile terminal A and long codes in spread coding for channels corre- 
sponding to the high-order range "n", and wherein a procedure for spread code reassignment is carried out to change 
a spread code in a fashion that long codes used for communication with other mobile terminals corresponding to the 

30 high-order range "n" are made identical to the long code used for communication with the mobile terminal A if a mis- 
match is found therebetween. 

[0057] In accomplishing the above-mentioned objects of the present invention and according to another aspect 
thereof, there is provided a base station for code division multiple access communication using dynamic code assign- 
ment in radio communication between the base station and a mobile terminal, wherein a base station control unit is con- 

35 nected with the base station, and wherein, at the time of transmission of control information to the mobile terminal, a 
transmission signal received by the base station from the base station control unit is subjected to puncturing at the base 
station, and control information is inserted into a free bit space thus produced for transmission to the mobile terminal. 
[0058] Furthermore, according to another aspect of the present invention, there is provided a mobile terminal for 
code division multiple access communication using dynamic code assignment in radio communication between a base 

40 station and the mobile terminal, wherein the mobile terminal is so arranged as to take control information out of a punc- 
tured signal received from the base station. 

[0059] The above and other objects, features and advantages of the present invention will become more apparent 
from the following detailed description with reference to the accompanying drawings. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

[0060] 

FIG. 1 is a block diagram showing a communication system configuration in a first preferred embodiment of the 
50 present invention; 

FIG. 2 is a block diagram showing a communication system configuration in a second preferred embodiment of the 
present invention; 

FIG. 3 is a diagrammatic illustration for explanation a data structure in code puncturing; 

FIG. 4 is a diagrammatic illustration for explanation of a concept of sectors in a third preferred embodiment of the 
55 present invention; 

FIG. 5 is a diagrammatic illustration for explanation of code assignment for logical sub-sectors; 

FIG. 6 is a diagrammatic illustration showing the results of mobile terminal sorting in descending order of space 

correlation values with respect to a terminal A; 
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FIG. 7 is a diagrammatic illustration for explanation of multi-sector system in cellular radio communication; and 
FIG. 8 is a block diagram of a base station in a communication system employing adaptive array antennas. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 

[0061] The present invention will now be described in detail by way of example with reference to FIGS. 1 to 6. 
Embodiment 1: 

10 [0062] The following describes a first preferred embodiment of the present invention with particular reference to 
FIG. 1. 

(I) Configuration and Operations of Communication System in Embodiment 1 

15 [0063] The configuration and operations of the communication system in the first preferred embodiment of the 
present invention are explained below with reference to FIG. 1. 

[0064] FIG.1 is a block diagram showing the communication system configuration in the first preferred embodiment 
of the present invention. 

[0065] In this embodiment, radio communication from a transmitter 9 to a receiver 1 9 is carried out, i.e., in downlink 
20 transmission, radio waves are sent from the transmitter 9 in a base station to a receiver 19 in a mobile terminal. 

[0066] A signal sent from the transmitter 9 is received by the receiver 19. In this example, the transmitter 9 has a 
single antenna 7 and the receiver 1 9 has a single antenna 1 7 for the sake of simplicity in explanation. In a system hav- 
ing a plurality of antennas, the same advantageous effects of the present invention can also be provided. 
[0067] A signal produced by a data generator 6 is fed to a multiplexer 5, in which control information is added to the 
25 signal. Then, the signal is applied to a spreading circuit 3, in which the signal is multiplied by an arbitrary spread code. 
Thereafter, the signal is up-converted through an RF circuit 8, and transmitted from the antenna 7. 
[0068] A code generator 2 serves to determine and generate a spread code under direction of a code controller 1 . 
The code controller 1 manages coding as instructed by a transmitter controller 4, and during communication, a spread 
code can be changed by giving an instruction from the transmitter controller 4 to the code controller 1 . The principal pur- 
30 pose of the present invention is to provide a means which is capable of performing spread code reassignment during 
CDMA communication. 

[0069] In spread code reassignment, a code for despreading must be changed on a receiving side also. It is there- 
fore required for the transmitter 9 to notify the receiver 19 of spread code reassignment. For this notification, a control 
signal is generated by the transmitter controller 4, and the control signal thus generated is added to a transmission sig- 
35 nal in the multiplexer 5. In this manner, the control signal for notification of spread code reassignment is sent to the 
receiver 1 9. 

[0070] In the receiver 1 9, a signal received by the antenna 1 7 is fed to an RF circuit 1 8, in which the received signal 
is down -converted for demodulation to a baseband signal. Then, at a despreading circuit 13, the signal is despread 
according to the same spread code as that used in the transmitter 9. Thus, through despreading, demodulation is per- 
40 formed to attain the original signal. Then, at a demultiplexer 15, control information is removed from the signal thus 
demodulated, so that user information can be attained. The control information taken out by the demultiplexer 1 5 is then 
analyzed by a receiver controller 14 for carrying out necessary processing. 

[0071] In case that the control information taken out by the demultiplexer 15 indicates notification of spread code 
reassignment, the receiver controller 14 informs a code controller 1 1 that a spread code is to be changed. Then, under 
45 direction of the code controller 1 1 , a code generator 12 is controlled to change a spread code for despreading in the 
despreading circuit 13. 

[0072] In a procedure of steps such as mentioned above, the present invention makes it possible to dynamically 
change a spread code during CDMA communication. That is, the basic concept of the present invention is to reduce 
inter-channel interference by changing a spread code in such a situation that interference with another channel 
so increases at a mobile terminal being in communication. 

(II) Principle of Spread Code Reassignment 

[0073] In (I), there has been described a procedure for making notification of spread code reassignment from the 
55 transmitter 9 to the receiver 1 9. Furthermore, the transmitter controller 1 can inform the transmitter 1 9 of a timing point 
of spread code reassignment additionally. The receiver 1 9 operates in synchronization with the transmitter 9, and code 
timing and frequency deviation in a baseband are corrected during communication. Therefore, knowing a timing point 
of spread code reassignment, the receiver 19 can change a spread code immediately in a seamless fashion. This pro- 
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cedure is functionally equivalent to a conventional hand-over procedure. If the transmitter 9 lets the receiver 19 know a 
timing point of spread code reassignment, it is not required to provide a soft hand-over state in which communication is 
performed using both changed and unchanged codes, however. Therefore, resources of the receiver in a mobile termi- 
nal can be used efficiently, making it possible to carry out communication with higher efficiency. A timing point of spread 
5 code reassignment can be indicated using the relative number of frames or the relative number of slots with respect to 
a frame used for notification of spread code reassignment. Thus, the receiver 19 can change a spread code without 
regard to a propagation delay. 

[0074] In addition to notification of spread code reassignment, the receiver 1 9 is informed of a timing point of spread 
code reassignment as mentioned above, thereby enabling immediate changeover of a spread code during communica- 
10 tion. 

[0075] As in the conventional hand-over procedure, there may be provided such an arrangement that both the cur- 
rent (unchanged) and new (changed) codes are transmitted once. In this arrangement, upon checking receipt of a new 
code, the receiver 19 returns the transmitter 9 an acknowledgment that the new code has been received successfully. 
Then, after receiving this acknowledgment, the transmitter 9 stops transmission using the current code. In this manner, 
15 spread code reassignment can be accomplished smoothly. 

(III) Triggers of Spread Code Reassignment 

[0076] In CDMA communication according to the present invention, there are two possible triggers of spread code 
20 reassignment. A first trigger of spread code reassignment is a condition that the number of short codes becomes insuf- 
ficient due to occurrence of a new call, and a second trigger thereof is a condition that each of a code correlation and 
a propagation path correlation deviates from an optimum state due to a change in signal propagation caused by move- 
ment of a mobile terminal. 

[0077] In either case, it is desirable to reassign an optimum spread code. Exemplified below is a situation where the 
25 number of short codes becomes insufficient due to occurrence of a new call. In this example, assume that a spreading 
ratio is 128 and all the short codes have the same length (single transmission speed) for the sake of simplicity. In this 
situation, there are 128 orthogonal short codes. Therefore, if the number of mobile terminals being connected exceeds 
128, no spread codes having the same long code become available, i.e., it becomes necessary to use different long 
codes. For spread code generation, if a new long code is used, there may occur a problem of intense interference due 
30 to difference in long code assignment. To prevent such a problem, an optimum spread code must be used for reducing 
interference. 

(IV) Determination of Spread Code 

35 [0078] Then, the following describes how to determine a spread code for minimizing interference. 

[0079] Generally in CDMA communication, factors of determining radio interference are a space correlation and a 
code correlation of communication channels (propagation paths). Hence, for reduction in interference, a check is made 
to find out such a combination of codes that the product of a space correlation and a code correlation of communication 
channels (propagation paths) is minimized. Then, according to the result of this check, spread code reassignment is 

40 carried out. Base on this principle of coding, co-channel interference can always be minimized even in the first case in 
(III) mentioned above that the number of mobile terminals being connected exceeds the number of orthogonal short 
codes. 

[0080] Taking a sector antenna (an antenna having directivity for each sector) as an example, the following con- 
cretely describes how to determine a spread code. It is herein assumed that the directivity of the sector antenna is invar- 
45 iable. 

[0081] A space correlation of transmission channels at the sector antenna is given by expression 1 shown below. 

r m = \ G k( Q ) G A e ) de [Expression 1] 



where, Gk(G) indicates a directivity pattern of the 'k'th sector antenna. Expression 1 represents a space correla- 
tion of channels of the 'k'th and T th sector antennas. 
55 [0082] In general, radio communication is performed over a transmission channel (propagation path) subjected to 
individual fading. A relationship of channels can be recognized by examining a space correlation of channels, when a 
degree of space correlation of channels is high, it signifies that mutual interference is likely to occur. 
[0083] In a multi-sector system for CDMA communication, it is common practice to assign different long codes to 
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respective sectors. It is therefore predictable that intense interference may occur on a boundary region of sectors. 
[0084] A time correlation of the 'k' th and T th channels is given by expression 2 shown below. 

7 cJn)c,{n) 

5 R =kt L N N [Expression 2] 

n=1 



where, C k (i) indicates a spread code for the 'k'th channel in a period of time "i". 

10 [0085] For examining both the space correlation and time correlation in combination, multiplication of expressions 
1 and 2 is performed. Thus, a time-space correlation can be attained. As a degree of time-space correlation decreases, 
a degree of mutual involvement of channels becomes lower, signifying that interference is less likely to occur. 
[0086] Therefore, for channels having a high degree of space correlation for example, spread codes using the same 
long code which are low in terms of code correlation are assigned. Thus, a degree of time-space correlation can be min- 

15 imized. 

[0087] An overall time-space correlation in an entire cell is given by expression 3 shown below. 

r =Y* R m ' R lt [Expressions] 

20 k,t 

where the suffix of E means that summation is performed for all the sectors belonging to a cell of interest. With 
respect to the entire cell, a check is made to find out a combination of spread codes which minimizes the overall time- 
25 space correlation given by expression 3. Thus, an optimum combination of spread codes can be determined so as to 
minimize interference. 

[0088] While the sector antenna having invariable directivity has been taken as an example in the above descrip- 
tion, the same principle is also applicable to a case where an adaptive array antenna having variable directivity is 
employed. 

30 [0089] In a situation where the adaptive array antenna is provided, expression 4 shown below is used for calculation 
of a space correlation. 

R^ = W^W £ [Expression 4] 

35 where W k indicates a weight value of the 'k'th adaptive array antenna. That is, W k is a vector for "m" antennas, 

and the suffix H indicates a Hamiltonian conjugate and transposed operator for complex numbers matrix. 
[0090] In the use of the adaptive array antenna, multiplication of a space correlation calculated using expression 4 
and a code correlation calculated using expression 2 is performed to attain a time-space correlation. Through evalua- 
tion of the time-space correlation thus attained, it is possible to find out a combination of spread codes which minimizes 

40 interference. 

[0091] In the above example, only one path is considered with respect to a weight value of the adaptive array 
antenna. By way of contrast, in an adaptive array antenna system where an individual array weight value is provided for 
each path on occurrence of multipath propagation, summation averaging of array weight values of respective paths is 
performed for estimation of average arrival bearing information. In this case, it is necessary to perform addition after 
45 making rotation so that a weight phase of any reference antenna becomes 0 or a real value. Alternatively, in a system 
where an weight value is estimated using signal sub-space, it is also practicable to estimate an array weight value for 
correlation evaluation after adding signal sub-space values for respective paths. The array weight value thus estimated 
includes information on all the paths, i.e., it represents signal arrival bearing information having maximum likelihood. 
[0092] In implementation of the algorithm mentioned above, it is required to carry out correlation calculation con- 
50 stantly in mobile communication in which transmission channels (propagation paths) vary at all times. This signifies that 
a rather heavy load of computation is imposed on a base station. It is therefore preferable to provide an arrangement 
wherein the base station is equipped with individual means for interference power measurement per channel and 
wherein correlation calculation is performed only when a measured interference power level per channel exceeds a pre- 
determined threshold, thereby achieving reduction in the amount of calculation in the base station. Interference power 
55 measurement may be carried out by measuring a power level of a signal subjected to despreading with an unused 
spread code or by using variance attained in the result of propagation path estimation. 

[0093] In a CDMA system in which transmission power control is conducted, a signal-to-interference ratio is meas- 
ured for power control. Since an interference power level can be measured using the signal-to-interference ratio, addi- 
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tional provision of any special circuit is not required for implementation of interference power measurement. 

[0094] Thus, a load of computation in the base station can be decreased by reducing the amount of correlation cal- 
culation as described above. 

5 Embodiment 2: 

[0095] The following describes a second preferred embodiment of the present invention with particular reference to 
FIGS. 2 and 3. 

[0096] FIG. 2 is a block diagram showing a communication system configuration in the second preferred embodi- 
10 ment of the present invention, and FIG. 3 is a diagrammatic illustration for explanation of a data structure in code punc- 
turing. 

[0097] In the first preferred embodiment described in the foregoing, a control signal is multiplexed by the multiplexer 
5 in the transmitter 9 before transmission to the receiver 19. In the communication system configuration according to 
the second preferred embodiment, it is assumed that a base station control unit 60 is connected with the transmitter 9 
15 through a network 50. In this communication system configuration, a control signal is generated in the base station con- 
trol unit 60 and then fed to the transmitter 9 of each base station. 

[0098] Incidentally, in the above-mentioned system configuration, control information is managed by the base sta- 
tion control unit 60, not by each base station. Therefore, in a case where spread code reassignment is carried out dur- 
ing communication on the same principle as that in the first preferred embodiment, the base station detects inter- 
20 channel interference and then sends the base station control unit 60 such information on transmission channels (prop- 
agation paths) and code correlation as mentioned above. Thereafter, it is required for the base station control unit 60 to 
issue control information concerning spread code reassignment. In this scheme, however, a load on the network 50 
between the base station control unit 60 and the transmitter 9 of the base station is increased to cause inefficiency in 
system performance. 

25 [0099] To circumvent this in the second preferred embodiment, the transmitter 9 of the base station forms a deter- 
mination on spread code changeover and a processing procedure for spread code changeover is carried out by the 
transmitter 9 alone. Thus, a load on the network 50 between the base station control unit 60 and the transmitter 9 of the 
base station can be reduced, and a load on the base station control unit 60 can be alleviated through distributed 
processing. 

30 [0100] More specifically, in the transmitter 9, control information generated by the base station control unit 60 is 
subjected to puncturing using a bit puncture circuit 63. The term "puncturing" means that the contents of normal data 
are altered intentionally to insert any other information there into. The multiplexer 5 inserts spread code reassignment 
notification and spread code information into a free bit space produced by puncturing. For example, in FIG. 3, assume 
that data (a) is normal data and the second block B is removable. In this case, as shown in (b) , the block B is removed 

35 and a spread code E is added to the last position of the data. This technique is generally applicable to radio communi- 
cation in which channel coding such as convolutional coding or turbo coding is performed at a coding rate of 1 or less 
and therefore transmission data bit puncturing to some extent scarcely affects communication performance. 
[0101] General control information other than that concerning spread code reassignment, e.g., cell-to-cell hand- 
over control signal information, is generated by a BSC controller 61 of the base station control unit 60 and then inserted 

40 into a transmission signal by a multiplexer 64 thereof in principle. 

[0102] In the receiver 19, notification of spread code reassignment is recognized as described below. Code error 
calculation is performed on the first three blocks of data. To be more specific, code error calculation is made on the 
assumption that data is transmitted in a sequence of blocks "A - C - D". If the result of code error calculation is extremely 
near zero, it is recognized that the data has been subjected to bit puncturing for spread code reassignment. In case that 

45 normal data having a sequence of blocks "A-B - C" is transmitted, code error calculation based on the assumption of 
the sequence of blocks "A - C - D" will result in an increased code error rate. 

[0103] The above-mentioned technique of bit puncturing at the base station is advantageous in that there is no 
need to give special information to the base station control unit 60. Therefore, this bit puncturing technique is applicable 
not only to spread code reassignment processing but also to a variety of cases where information generated by the 
so base station is to be given to the receiver 1 9. 

Embodiment 3: 

[0104] The following describes a third preferred embodiment of the present invention with particular reference to 
55 FIGS. 4 and 5. 

[0105] FIG. 4 is a diagrammatic illustration for explanation of a concept of sectors in the third preferred embodiment 
of the present invention, and FIG. 5 is a diagrammatic illustration for explanation of code assignment for logical subsec- 
tors. 
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[0106] The third preferred embodiment is presented for showing how spread code reassignment during communi- 
cation described in the first preferred embodiment is to be implemented in a concrete model of communication using 
sectors. 

[0107] First, described below is an example of a sector antenna system in which interference is reduced using sec- 

5 tor antennas each having directivity per sector. 

[0108] As explained in the foregoing, in a multi-sector system, each cell is divided into a plurality of sectors with a 
base station located at the center position of the cell. When a sector changeover is made as movement of a mobile ter- 
minal, it is required to carry out a hand-over procedure. In particular, where each sector region is rather narrow, a hand- 
over must be made frequently for sector-to-sector switching. A hand-over is required not only when the mobile terminal 

10 is in communication but also when the mobile terminal is in a standby state for call reception. That is, it is required for 
the mobile terminal to frequently register the current location thereof, giving rise to a problem that a charge-to-charge 
service life of a battery contained in the mobile terminal is shortened. 

[0109] The principle of the third preferred embodiment is that sectors defined by physical directivity characteristics 
of sector antennas are logically rearranged for spread code reassignment, thereby reducing hand-over processing due 
15 to frequent sector-to-sector switching of each mobile terminal. 

[0110] In the third preferred embodiment based on this principle, a novel concept of sector structuring is introduced 
into a conventional sector configuration. As shown in FIG. 4, each sector 43 is hierarchically structured to contain a log- 
ical subsector 44 and a physical subsector 45. 

[0111] Each physical subsector 45 is formed according to the physical radio wave directivity of each sector 
20 antenna. The physical subsector 45 represents a sector area in view of coverage of the sector antenna. 

[0112] Further, an area where the same long code is used for individual channels is defined as a logical subsector 
44. Channels in a cell are briefly explained here. There are common control channels and individual channels. The 
common control channels are used to perform common control of mobile terminals from each base station (e.g., pilot 
channel, sync channel in IS-95 downlink transmission), and the individual channels are dedicated to respective mobile 
25 terminals (e.g. , traffic channel in IS-95 downlink transmission). The logical subsector 44 is an area logically delineated 
in view of long code assignment in spread coding used for communication between the base station and mobile termi- 
nals. The logical subsector 44 comprises one or more physical subsectors 45. 

[0113] Still further, an area where the same spread code is used for common control channels is defined as a sec- 
tor 43. Since control operations common to mobile terminals are performed through the common control channels, 
30 there will occur no problem of insufficiency of the number of short codes used for respective terminals. Therefore, unlike 
the case of individual channels, the same spread code is applicable to a wide area. In the light of the above condition, 
the sector 43 is defined as the widest sector in the third preferred embodiment. The sector 43 comprises one or more 
logical subsectors 44. 

[0114] In the hierarchical sector structure mentioned above, communication from the base station to each mobile 
35 terminal is performed using a spread code corresponding to the area concerned. For the common control channels, it 
is not required to carry out a hand-over unless the sector 43 is switched over to another sector. Since the sector 43 is 
commonly a wide area containing a plurality of logical subsectors 44, a hand-over does not occur at frequent intervals. 
That is, as to the common control channels, a plurality of conventional sectors are recognized as a single sector from a 
viewpoint of each mobile terminal. 
40 [0115] In regard to the individual channels, a spread code having the same long code is used for communication 
with mobile terminals belonging to the same logical sector 44 even if they belong to different physical subsectors 45 
defined by antenna directivity characteristics. Therefore, interference on a boundary of the physical subsectors 45 can 
be eliminated at the time of changeover of the physical subsectors 45, which would otherwise occur as in a conventional 
sector model. 

45 [0116] In the prior art of CDMA communication, a hand-over procedure is implemented under initiative control of 
each mobile terminal, i.e. , a procedure for hand-over processing is carried out through comparison of field intensity lev- 
els of common control channels. Therefore, a hand-over between the logical subsectors 44 for recognizing individual 
channels cannot be realized using the conventional technique. 

[0117] In the third preferred embodiment of the present invention, a procedure for hand-over processing is carried 
so out under initiative control of the base station. At the time of changeover of the logical subsectors 44, the mobile termi- 
nal concerned is notified of spread code reassignment. 

[0118] More specifically, for signal reception from each mobile terminal, a received signal intensity level of each 
channel in each logical subsector 44 is measured in advance at the base station. Then, between the received signal 
intensity level in the logical subsector 44 being connected currently and that in another logical subsector 44, compari- 
55 son is made in terms of time average. If the latter is higher than the former, the spread code is changed using the means 
for spread code reassignment described in the first preferred embodiment. In comparison of the received signal inten- 
sity levels between logical subsectors 44, if a different logical subsector 44 is identified, it means that a different physical 
subsector 45 is used. Hence, an intensity level of a signal received by the sector antenna is measured. In this arrange- 
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ment, a hand-over between logical subsectors 44 can be carried out seamlessly. 

[0119] In the above-mentioned arrangement, it is necessary to give consideration to movement of each mobile ter- 
minal between the physical subsectors 45. When the mobile terminal is moved between the physical subsectors 45, 
there is a possibility of a significant change in propagation path condition. Since the mobile terminal cannot detect a 

5 changeover of the physical subsectors 45, there will occur a condition equivalent to an abrupt change in channel sign- 
aling. On occurrence of such a condition, a code error rate increases abruptly, which may cause a communication-dis- 
abled state. To prevent this, it is required to slowly decrease a transmission power level in the physical subsector 45 
being used currently and to slowly increase a transmission power level in the physical subsector 45 to be used next. 
That is, the above problem can be circumvented by taking a period of approximately one second for switching the phys- 

10 ical subsectors 45. 

[0120] The description of the third preferred embodiment which has been given so far is based on the assumption 
that a region of each logical subsector 44 is invariable. In a situation where the number of codes to be assigned 
becomes insufficient due to an increase in communication traffic in the logical subsector 44 concerned, the region of 
the logical subsector 44 may be made smaller. Thus, it is possible to obviate a problem of insufficiency in the number 
15 of codes to be assigned. 

[0121] In the above case, if an extra number of codes are available in an adjacent logical subsector 44, a physical 
subsector 45 in juxtaposition therewith is so rearranged that it belongs to the adjacent logical subsector 44. Thus, a part 
of communication traffic can be left to the adjacent logical subsector 44. For example, as shown in FIG. 5 (a), it is herein 
assumed that physical subsectors P1 1 and P12 belong to a logical subsector L1 and that physical subsectors P21 and 

20 P22 belong to a logical subsector L2. 

[0122] As an increase in the number of connections in the physical subsector P12, the number of codes therein 
may become insufficient. In this case, if an extra number of codes are available in the logical subsector L2, the physical 
subsector P12 is so rearranged that it belongs to the logical subsector L2 as shown in FIG. 5 (b). Thus, in the physical 
subsector P12, a long code assigned to the logical subsector L2 is used. 

25 [0123] If an extra number of codes are not available in the adjacent logical subsector 44, a new logical subsector is 
formed and a new long code is assigned thereto. Thus, the size of each logical subsector can be adjusted according to 
the amount of communication traffic. 

[0124] As exemplified above, when the number of connections in the physical subsector P1 2 increases, the number 
of codes therein may become insufficient. In this case, if an extra number of codes are not available in the logical sub- 

30 sector L2, a new logical subsector L3 is formed as shown in FIG. 5 (c). Thus, communication with each mobile terminal 
located in the new logical subsector L3 is carried out using a new long code assigned for spread coding. 
[0125] As aforementioned, the third preferred embodiment has been described using the example of the sector 
antenna system. In the sector antenna system, an area covered by the directivity of each sector antenna has been 
referred to as the physical subsector 45. This principle is also applicable to a case where adaptive array antennas are 

35 employed. 

[0126] Essentially, common control channels are broadcast over a wide range (corresponding to the sector 43), and 
individual channels are handled using a narrow beam (corresponding to the logical subsector 44), thereby making it 
possible to circumvent frequent occurrences of hand-over processing. Further, the hand-over processing is carried out 
under initiative control of the base station instead of initiative control of each mobile terminal, thus making it possible to 
40 provide an improvement in communication capacity in the use of a narrow beam. 

Embodiment 4: 

[0127] The following describes a fourth preferred embodiment of the present invention with particular reference to 
45 FIG. 6. 

[0128] FIG. 6 is a diagrammatic illustration showing the results of mobile terminal sorting in descending order of 
space correlation values with respect to a terminal A. 

[0129] In the description of the third preferred embodiment, the implementation of CDMA communication according 
to the present invention has been explained using the model of the sector antenna system in which each cell is divided 
so into sectors corresponding to the directivity of each sector antenna. In the fourth preferred embodiment of the present 
invention, CDMA communication using dynamic code assignment is implemented by utilizing characteristics of adap- 
tive array antennas. 

[0130] Described below are the principle and concept of an adaptive array antenna system for CDMA communica- 
tion using dynamic code assignment. 
55 [0131] As mentioned in the foregoing, an adaptive array antenna has a feature that it can vary directivity through 
the use of electrical circuits, i.e., the adaptive array antenna is capable of reducing interference between spatially dis- 
tant mobile terminals. Note, however, that due to a limitation on a degree of freedom, the adaptive array antenna does 
not suppress interference for mobile terminals located in the same bearing with respect to a base station. On the other 
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hand, in the technique of reducing interference based on channel correlation using code orthogonality, the functionality 
of interference suppression has also constraint due to a limited number of short codes. 

[0132] The purpose of the fourth preferred embodiment is to reduce communication interference as a whole by 
properly combining advantageous features of these techniques stated above. More specifically in reduction of interfer- 

5 ence between mobile terminals by means of the adaptive array antenna, there is a limitation in connection with locations 
of the mobile terminals, whereas interference between spread codes is not related to locations of the mobile terminals. 
On the other hand, spatial channel correlation in use of the adaptive array antenna cannot be controlled at the base sta- 
tion since external environmental conditions such as propagation, antenna topology and angle diversity are involved 
therein, whereas interference between spread codes can be controlled at the base station since it is related to spread 

w code assignment. 

[0133] Therefore, in the third preferred embodiment, a determination which mobile terminal is to be subjected to 
interference reduction is formed according to a degree of space correlation, and a procedure for actual reduction of 
interference is carried out by dynamically changing a code assigned for communication with each mobile terminal. 
Thus, communication between the base station and each mobile terminal can be performed in consideration of both 

15 space and code correlations for interference reduction. 

[0134] With reference to FIG. 6, the following explains a concrete procedure in the third preferred embodiment. 
[0135] First, a degree of inter-channel space correlation used for communication with each mobile terminal is cal- 
culated. As described in Item (IV) of Embodiment 1, the inner product of weight values of the adaptive array antenna 
between channels is calculated using expression 4. 

20 [0136] Then, with respect to a certain terminal, other terminals are sorted in descending order of channel space 
correlation values. In the example shown in FIG. 6, the total number of mobile terminals N is "7" and a terminal of inter- 
est is "A". In this example, it is assumed that the mobile terminals have been sorted as shown in FIG. 6. 
[0137] Then, a long code for spread coding in channel communication of each mobile terminal is checked (herein- 
after referred to simply as a "terminal long code") . The terminal long codes shown in FIG. 6 are given for example. 

25 [0138] A predetermined number of terminal long codes "n" in the results of sorting are compared with the long code 
of the mobile terminal A of interest. Then, if any terminal long code is different from that of the mobile terminal A, the 
terminal long code is changed to that of the mobile terminal A. 

[0139] In this example, the predetermined number of terminal long codes "n", i.e., a high-order range "n" in space 
correlation values arranged in descending order is "4". Since the long code used for channel communication with the 
30 mobile terminal A is L2, comparison with terminals B, C, D and E indicates that the long codes of the terminals B and 
E are different from the long code of the terminal A. Therefore, in this case, the long codes of the terminals B and E are 
changed to L2. 

[0140] Thus, the same long code as that of the terminal A is used for channel communication with any terminals 
having a large degree of space correlation with respect to the terminal A, thereby making it possible to reduce a degree 
35 of code correlation. Since a time-space correlation value is the product of space and code correlations as represented 
by expression 1, a degree of time-space correlation can be decreased resultantly, thus allowing communication with 
less interference as a whole. 

Embodiment 5: 

40 

[0141] The following describes a fifth preferred embodiment of the present invention. 

[0142] As described in the foregoing preferred embodiments, correlation calculation is made on transmission chan- 
nels and a spread code is so reassigned as to minimize the result of correlation calculation in CDMA communication 
according to the present invention. 
45 [0143] As to space correlation of channels, the inner product of weight values (expression 3) is applicable to the 
adaptive array antenna and the directivity characteristic correlation (expression 4) is applicable to the sector antenna 
as described in the foregoing. 

[0144] In general, however, the weight values of the adaptive array antenna and the directivity characteristics of the 
sector antenna are related to the bearing of each mobile terminal as viewed from the base station. Therefore, if infor- 
50 mation on the bearing of each mobile terminal can be attained, it is applicable as an index for figuring out a degree of 
space correlation of channels. 

[0145] In regard to bearing information for a system using adaptive array antennas, there are conventional tech- 
niques such as ESPRIT (Estimation if Signal Parameters via Rotational Invariance Techniques) and MUSIC (MUltimple 
Signal Classification) . Using these techniques, bearing information can be calculated. For a mobile terminal which has 
55 been found to have a near level of bearing through calculation of bearing information, the same long code is assigned 
since it is determined that a degree of channel (propagation path) correlation is close. The ESPRIT and MUSIC are 
acronyms of algorithms formulated for estimating a signal arrival bearing in an adaptive array antenna. 
[0146] In a system using sector antennas, each sector antenna is applicable for representation of bearing informa- 
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tion. In a range of the same antenna or an adjacent antenna, it is postulated that a degree of space correlation is rather 
large to cause interference to an appreciable extent. Based on this postulation, a channel code of any mobile terminal 
located in the sector concerned is subjected to reassignment. Then, as described in the foregoing, code correlation cal- 
culation is performed and a spread code is changed for a large degree of correlation. Thus, in the sector antenna sys- 
5 tern, spread code reassignment can be carried out efficiently to minimize interference in communication in which a 
degree of space correlation is anticipated to increase. 

Advantageous Effects of the Invention 

10 [0147] As set forth hereinabove and according to the present invention, there is provided a code division multiple 
access communication method using dynamic code assignment, wherein an optimum spread code for minimizing inter- 
channel interference is used according to conditions of communication between a base station and a mobile terminal, 
and wherein code assignment is dynamically changed for a mobile terminal being in communication through detection 
of a timing point of code change under initiative control of the base station. 

15 [0148] Further, in the code division multiple access communication method using dynamic code assignment 
according to the present invention, code assignment is dynamically changed to reduce inter-channel interference 
according to conditions such as space correlation and code correlation due to characteristics of adaptive array anten- 
nas or sector antennas employed for communication. 

[0149] Still further, in the code division multiple access communication method using dynamic code assignment 
20 according to the present invention, a hand-over procedure is carried out under initiative control of a base station for 
reducing power consumption of a mobile terminal so as to prolong a charge-to-charge service life of a battery contained 
therein. In addition, according to the present invention, there is provided a mobile communication system comprising a 
base station control unit connected with a base station, wherein code assignment is dynamically changed without mak- 
ing reference to a network for reducing a networking load in communication between the base station and the base sta- 
25 tion control unit. 

[0150] The invention may be embodied in other specific forms without departing from the spirit or essential charac- 
teristics thereof. The present embodiments are therefore to be considered in all respects as illustrative and not restric- 
tive, the scope of the invention being indicated by the appended claims rather than by the foregoing description and all 
changes which come within the meaning and range of equivalency of the claims are therefore intended to be embraced 
30 therein. 

Claims 

1. A code division multiple access communication method using dynamic code assignment in radio communication 
35 based on code division multiple access between a base station and a mobile terminal, said code division multiple 

access communication method comprising: 

providing an arrangement wherein, under condition that a communication area covered by said base station is 
variable, while communication is being carried out between said base station and said mobile terminal, a trans- 
40 mitting side notifies a receiving side that a spread code is to be changed, and after notification of spread code 

reassignment, the spread code is changed so as to reduce interference between a channel used for commu- 
nication in progress and another channel. 

2. A code division multiple access communication method using dynamic code assignment according to claim 1 , 

45 wherein, at the time of notification of spread code reassignment from said transmitting side to said receiving side, 

said transmitting side also informs said receiving side of a timing point of spread code reassignment. 

3. A code division multiple access communication method using dynamic code assignment according to claim 1 , 
wherein, at the time of spread code reassignment, a transmission signal spread using a currently assigned code 

so and a transmission signal spread using a new code to be assigned are sent simultaneously, and then when said 
transmitting side receives an acknowledgment that said receiving side has received the transmission signal spread 
using the new code to be assigned, said transmitting side stops output of the transmission signal spread using the 
currently assigned code and sends only the transmission signal spread using the new code. 

55 4. A code division multiple access communication method using dynamic code assignment according to claim 1 , 
wherein a spread code is formed of the bitwise product or exclusive-OR result of long and short codes, and 
wherein said transmitting side changes the spread code when the number of short codes to be used for spread 
coding becomes insufficient. 
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5. A code division multiple access communication method using dynamic code assignment according to claim 1 , 
wherein, at said transmitting side, a space correlation of a plurality of receiving-side channels and a code correla- 
tion of a plurality of spread codes used for communication are calculated, each time-space correlation is deter- 
mined according to the product of space and code correlations, each sum of time-space correlations is calculated 

5 with respect to all the inter-channel combinations, a candidate for a new spread code to be assigned is determined 

according to a minimum-sum time-space correlation, and a procedure for spread code reassignment is carried out 
to perform communication based on the new spread code. 

6. A code division multiple access communication method using dynamic code assignment according to claim 5, 

w wherein, at the transmitting side, an interference power level per call is measured, and when the measured inter- 
ference power level per call exceeds a predetermined threshold, a procedure for spread code reassignment is car- 
ried out to change a spread code for a channel corresponding to each call of interest. 

7. A code division multiple access communication method using dynamic code assignment according to claim 1 , 

15 wherein a base station acts as a transmitting side and a base station control unit is connected with said base sta- 
tion, and 

wherein, in execution of a procedure for spread code reassignment, a transmission signal is subjected to punctur- 
ing at said base station, and information on spread code reassignment is inserted into a free bit space thus pro- 
duced for transmission to a receiving side. 

20 

8. A code division multiple access communication method using dynamic code assignment according to claim 1 , 
wherein a receiving side has a common control channel used for identifying a transmitting side and an individual 
channel dedicated for said receiving side, and 

wherein said transmitting side radiates a beam for said common control channel in a wider space range than for 
25 said individual channel. 

9. A base station for code division multiple access communication using dynamic code assignment in radio commu- 
nication between said base station and a mobile terminal under condition that a communication area covered by 
said base station is variable, said base station comprising: 

30 

means for notifying a receiving side that a spread code is to be changed while communication is being carried 
out between said base station and said mobile terminal; and 

means for changing the spread code after notification of spread code reassignment so as to reduce interfer- 
ence between a channel used for communication in progress and another channel. 

35 

1 0. A base station for code division multiple access communication using dynamic code assignment according to claim 
9, 

wherein means for informing said receiving side of a timing point of spread code reassignment is included in addi- 
tion to said means for notifying said receiving side that the spread code is to be changed. 

40 

1 1 . A base station for code division multiple access communication using dynamic code assignment according to claim 
9, said base station further comprising: 

means for simultaneously sending a transmission signal spread using a currently assigned code and a trans- 
45 mission signal spread using a new code to be assigned at the time of spread code reassignment; and 

means for, upon receipt of an acknowledgment that said receiving side has received the transmission signal 
spread using the new code to be assigned, stopping output of the transmission signal spread using the cur- 
rently assigned code and for sending only the transmission signal spread using the new code. 

so 1 2. A base station for code division multiple access communication using dynamic code assignment according to claim 
9, 

wherein a spread code is formed of the bitwise product or exclusive-OR result of long and short codes, and 
wherein there is provided means for changing the spread code when the number of short codes to be used for 
spread coding becomes insufficient. 

55 

1 3. A base station for code division multiple access communication using dynamic code assignment according to claim 
9, said base station further comprising: 
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means for calculating a space correlation of a plurality of receiving-side channels and a code correlation of a 
plurality of spread codes used for communication; 

means for determining each time-space correlation according to the product of space and code correlations; 
and 

5 means for performing summation on time-space correlations with respect to all the inter-channel combinations; 

wherein a candidate for a new spread code to be assigned is determined according to a minimum-sum time- 
space correlation, and a procedure for spread code reassignment is carried out to perform communication 
based on the new spread code. 

10 14. A base station for code division multiple access communication using dynamic code assignment according to claim 
13, said base station further comprising: 

means for measuring an interference power level per call, 

wherein, when the measured interference power level per call exceeds a predetermined threshold, a procedure 
15 for spread code reassignment is carried out to change a spread code for a channel corresponding to each call 

of interest. 

15. A base station for code division multiple access communication using dynamic code assignment according to claim 
9, 

20 wherein a base station control unit is connected with said base station, and 

wherein, in execution of a procedure for spread code reassignment, a transmission signal received by said base 
station from said base station control unit is subjected to puncturing at said base station, and information on spread 
code reassignment is inserted into a free bit space thus produced for transmission to a receiving side. 

25 16. A base station for code division multiple access communication using dynamic code assignment according to claim 
9, 

wherein a receiving side has a common control channel used for identifying a transmitting side and an individual 
channel dedicated for said receiving side, and 

wherein said base station radiates a beam for said common control channel in a wider space range than that for 
30 said individual channel. 

1 7. A base station for code division multiple access communication using dynamic code assignment according to claim 

9, 

wherein a spread code is formed of the bitwise product or exclusive-OR result of long and short codes, 
35 wherein there is provided means for detecting a bearing of each mobile terminal according to average received sig- 
nal intensity, and 

wherein said mobile terminal is notified of spread code reassignment using said means for notification of spread 
code reassignment, and then a spread code for communication is changed in a fashion that long codes of a mobile 
terminal group located in the vicinity of the detected bearing are made identical. 

40 

18. A code division multiple access communication method using dynamic code assignment according to claim 4, 
wherein said transmitting side is provided with a plurality of directional antennas capable of radiating radio waves 
in a limited direction, 

wherein a region covered by each directional antenna is defined as a physical subsector, a plurality of adjacent 
45 physical subsectors are grouped into a wider region in which the same long code is used for communication with 

communicating parties therein, and the wider region thus formed is defined as a logical subsector, and 
wherein, at the time of signal reception from each communicating party, under condition that a timewise average 
value of received signal intensity in an adjacent logical subsector becomes higher than that in a logical subsector 
currently engaged for communication with said communicating party; or under condition that, at said transmitting 
so side, a space correlation of a plurality of receiving-side channels and a code correlation of a plurality of spread 
codes used for communication are calculated, each time-space correlation is determined according to the product 
of space and code correlations, and a value of time-space correlation attained using a long code for an adjacent 
logical subsector is found to be smaller than that attained using a long code for a logical subsector currently 
engaged for communication; 

55 

a procedure for spread code reassignment is carried out to perform communication based on the long code for 
said logical subsector adjacent to said logical subsector currently engaged for communication. 
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19. A code division multiple access communication method using dynamic code assignment according to claim 4, 
wherein said transmitting side is provided with a plurality of directional antennas capable of radiating radio waves 
in a limited direction, 

wherein a region covered by each directional antenna is defined as a physical subsector, a plurality of adjacent 
5 physical subsectors are grouped into a wider region in which the same long code is used for communication with 

communicating parties therein, and the wider region thus formed is defined as a logical subsector, and 
wherein, in a situation that the number of short codes becomes insufficient due to an increase in communication 
traffic in a logical subsector A, a procedure for spread code reassignment is carried out to change a spread code 
in the following fashion: 

w 

(1) if there are short codes available for assignment in a logical subsector B adjacent to said logical subsector 
A, a physical subsector P which belongs to said logical subsector A and which is positioned on a boundary 
between said logical subsector A and said logical subsector B is rearranged so that said physical subsector P 
belongs to said logical subsector B, whereby a long code of said logical subsector B is used for communication 

15 with a communicating party in said physical subsector P; 

(2) alternatively, if there are no short codes available for assignment in said logical subsector B adjacent to said 
logical subsector A, a new logical subsector C is formed for said physical subsector P which belongs to said 
logical subsector A and which is positioned on the boundary between said logical subsector A and said logical 
subsector B, whereby a long code of said logical subsector C is used for communication with a communicating 

20 party in said physical subsector P. 

20. A code division multiple access communication method using dynamic code, assignment according to claim 4, 
wherein said transmitting side is provided with a plurality of adaptive array antennas, and 

wherein, under either of the following conditions (1) and (2), the inner product of array weight values is calculated 
25 with respect to each communicating party, and a procedure for spread code reassignment is carried out to change 
a spread code so that the same long code is used for communication with a group of mobile terminals having a high 
value of inner product: 

(1) at said transmitting side, a space correlation of a plurality of receiving-side channels and a code correlation 
30 of a plurality of spread codes used for communication are calculated, each time-space correlation is deter- 

mined according to the product of space and code correlations, each sum of time-space correlations is calcu- 
lated with respect to all the inter-channel combinations, and a candidate for a new spread code to be assigned 
is determined according to a minimum-sum time-space correlation for spread code reassignment to perform 
communication based on the new spread code; 
35 (2) at said transmitting side, an interference power level per call is measured, and when the measured interfer- 

ence level per call exceeds a predetermined threshold, a spread code for a channel corresponding to each call 
of interest is changed for spread code reassignment. 

21. A code division multiple access communication method using dynamic code assignment according to claim 20, 
40 wherein a space correlation of a channel used for communication with a mobile terminal A and channels used for 

communication with other mobile terminals is determined, 

wherein, with respect to a high-order range "n" in terms of space correlation values arranged in descending order, 
where "n" is a predetermined positive integer, comparison is made between a long code in spread coding for said 
channel used for communication with said mobile terminal A and long codes in spread coding for channels corre- 
45 sponding to said high-order range "n", and 

wherein a procedure for spread code reassignment is carried out to change a spread code in a fashion that long 
codes used for communication with other mobile terminals corresponding to said high-order range "n" are made 
identical to said long code used for communication with said mobile terminal A if a mismatch is found therebetween. 

so 22. A base station for code division multiple access communication using dynamic code assignment in radio commu- 
nication between said base station and a mobile terminal, 
wherein a base station control unit is connected with said base station, and 

wherein, at the time of transmission of control information to said mobile terminal, a transmission signal received 
by said base station from said base station control unit is subjected to puncturing at said base station, and control 
55 information is inserted into a free bit space thus produced for transmission to said mobile station. 

23. A mobile terminal for code division multiple access communication using dynamic code assignment in radio com- 
munication between a base station and said mobile terminal, 
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wherein a base station control unit is connected with said base station, 

wherein, at the time of transmission of control information to said mobile terminal, a transmission signal received 
by said base station from said base station control unit is subjected to puncturing at said base station, and control 
information is inserted into a free bit space thus produced for transmission to said mobile station, and 
wherein said mobile terminal is so arranged as to take the control information out of the transmission signal 
received from said base station. 
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